In the absence of a national carbon tax, household driving and electricity consumption impose social costs. Suburbanites drive more and consume more electricity than center city residents. If more suburbanites purchase electric vehicles (EV) and install solar panels, then their greenhouse gas emissions would sharply decrease. Using several data sets from California, we study the demand for electric vehicles and solar panels. We focus on the Tesla given its status as the highest quality EV. We investigate the joint distribution of the stock returns of Tesla and leading solar panel sellers to test for whether investors anticipate a complementarity in sales between these products. Finally, we use current and past vehicle quality and price data to explore trends in EV quality improvements due to industry competition between brands.
Introduction
All over the world, more households are living at low density in the suburbs of metropolitan areas. Improvements in road networks, rising incomes and the demand for newer, larger homes have fueled this trend (Margo 1992 , Glaeser and Kahn 2004 ,Baum-Snow 2008 , Baum-Snow et. al. 2014 . Such suburbanization offers private benefits but imposes social costs.
In the absence of a national carbon tax, decentralized living can significantly contribute to greenhouse gas emissions through a reliance on gasoline fired cars and ample use of electricity for large suburban homes with the electricity generated by fossil fuels (Jones and Kammen 2014, Graff-Zivin et. al. 2014 ).
If more suburban households chose to install solar panels and buy an electric vehicle that charges at home, then these households would sharply reduce their carbon emissions from household and transportation activities. If high quality batteries can be developed, such emissions could fall to zero (Gibson and Kelly 2010) . The decoupling of suburban living from greenhouse gas production could play a major role in mitigating climate change risk both through the direct effect of reducing suburbanite emissions and also through a political channel.
Suburban households would be more likely to support carbon mitigation policies if they faced a lower tax burden from enacting such policies (Cragg et. al. 2013, Holian and Kahn 2014) .
Given that center cities tend to attract environmentalists while suburban residents are more likely to be Republicans, what are the possible pathways for such households to embrace the "green lifestyle" of both owning an EV and installing solar panels? One strategy for accelerating the adoption of solar panels and EVs is for their price to decline. International competition in both the solar panel market and the EV market has reduced the price of these products.
A second way for encouraging green choices is to improve the objective quality of the green products. Purchasers of such products are likely to value the intrinsic quality of these products independent of their environmental social benefits. We posit that the Tesla is a prime example of a product that is purchased by "accidental environmentalists." When asked about reasons for purchasing such a car, Tesla owners cite its performance, cargo space, esthetics, 3 safety records rather than its carbon footprint.
1 Many of such buyers do not intend to supply environmental public goods. This group will be more likely to purchase the new generation of green products if they offer a higher level of performance and/or lower operating costs than conventional products.
We use several different data sets to study the correlates of electric vehicle demand and solar panel data in California. California is the epi-center of green product demand. California is the home for 12% of the nation's population and 50% of Tesla sales. We find that areas that are purchasing solar panels are also purchasing electric vehicles and hybrid vehicles. We use micro data on electric vehicle sales in California to explore how personal demographics affect the propensity to purchase different electric vehicles. The Tesla's consumers stand out for their income, education as they refuse to answer several demographic questions in EV buyer surveys.
Given that electric vehicles and solar panels are emergent technologies, the stock market price for key publicly traded companies provides additional information concerning market investor's expectations of the profits for these companies. We study how Tesla's stock price returns correlates with the returns for solar companies and document a positive correlation in their daily abnormal returns.
In the final section of the paper, we explore the supply side of the electric vehicle market.
Using EV publications, we have collected detailed make specific information on the attributes bundled into these vehicles. We provide evidence that the price of EVs has been falling over time while the quality of these vehicles is improving. We discuss how competition in this industry, both in terms of vehicle attributes and in vehicle financing options, is likely to lead to higher quality cheaper new EVs. The net effect of these supply side trends is increased quality and price competitiveness of the next generation of EVs and solar panels.
Our paper contributes to an active literature in environmental economics studying how individuals' private purchases of good and services affects the supply of public goods (see Kotchen (2006) , Kotchen and Moore (2006) and Kahn 2007) . Unlike previous papers, we are especially interested in the role of product quality and producer competition and the introduction 4 of new makes and financing terms for such durables as key determinants of attracting the marginal consumer to make the environmentally friendly product choice.
Consumer Demand for Electric Vehicles and Solar Panels
Differentiated consumer products such as cars represent bundles of packaged attributes.
In the hedonic pricing equilibrium, heterogeneous consumers will select their favorite bundle as they face the non-linear attribute pricing function (Rosen 1974) . Such consumers are unlikely to recognize that differentiated products differ with respect to their social externality consequences.
For example, a household seeking a safe vehicle may choose a large mini-van and will recognize that such a vehicle consumes more gallons of gasoline (a private cost) while ignoring the social costs associated with such fuel consumption (i.e while ignoring the fact that this vehicle will create more greenhouse gas emissions) (Anderson and Auffhammer 2014, Petrin 2002 ).
To simplify our discussion, we consider a population of suburban single family home owners who can choose to purchase only an EV, only solar panels, solar panels and an EV, or purchase neither solar panels nor an EV. If the household does not install solar panels, it purchases electricity from the local electric utility.
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In Tables 1 and 2 , we write out the private costs to the household and the resulting carbon emissions. We recognize that a current technological limitation is the absence of good battery storage technology. A home owner cannot currently supersize his panels and generate and store power during the sunny hours and then recharge the EV at night using this power surplus. Our discussion assumes that batteries exist so that a household who buys solar panels and an EV does not buy any electricity from the local electric utility.
The four scenarios described above are summarized in Table 1 . If households make these discrete choices solely based on operating expenses, then the set of people purchasing an EV and 5 solar panels will rise if the price of gasoline goes up, the price of electric cars falls, the price of electricity goes up, or the price of solar panels falls.
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Each of these four choices has different implications for annual household greenhouse gas production. Table 2 presents emissions per year in each of the four cases. This table highlights a point predicted by the monocentric model from urban economics. In metropolitan areas where the jobs and culture are concentrated in the center city, land prices will decline with respect to distance from the city center. This means that the largest greenhouse gas reductions from the joint adoption of an EV and solar panels will occur for households who live the furthest from the city center as they will be driving more miles and living in a larger home that uses more electricity. The growth of the low density suburbs means that there are many households in this category. Based on U.S census tract data from 2000, 19% of the nation's metropolitan area residents lived twenty or more miles away from their metro area's City Center while 50% of such residents lived more than ten miles from the city center.
Introducing Preferences over Product Quality
In considering whether to purchase a specific brand of an electric vehicle, a utility maximizing buyer will tradeoff its expected performance, its price, operating cost and the status it delivers for the owner. If electric vehicles are increasingly likely to be perfect substitutes for conventional vehicles or superior in quality to such vehicles, then the marginal purchaser is more likely to be an "accidental environmentalist" who buys the EV due to its quality rather than due to its environmental performance. Nissan Leaf with a range of 84 miles. The Model S is also the largest car in its class, the performance benefits do not come at the expense of comfort. The most-equipped Model S is priced at roughly $95,000. Below, we will discuss how the introducing of leasing and innovative financing opens the possibility for more people to choose to drive this vehicle.
Data
We investigate the demand for EVs and solar panels using both micro and aggregated datasets that are described in Tables 4 and 5 . A description of how the datasets were merged using different geographies is included in the appendix.
New Evidence on Electric Vehicle Demand
In this section, we use household and census tract level data from California to study the demographics of the buyers of electric and electric-gas hybrid vehicles. Our study adopts a crosssectional approach; at any point in time the price of the products, electricity, and gasoline is fixed. Facing these price incentives, we are interested in exploring the demand for Teslas and other electric vehicles as well as the demand for residential solar panels.
First, we investigate the stated motivations for why Tesla buyers purchase this car. The sample consists of 10,877 households that applied for a rebate through California's Clean Vehicle Rebate Project. Results from this survey are presented in Table 6 . Tesla owners cite a concern for the environment slightly more often than the average respondent, but they are much less concerned about fuel savings and HOV lane access. Households that purchased a Tesla are more motivated by energy independence, having the newest technology, and vehicle performance rather than by the vehicle's environmental performance.
We now turn to using the Clean Vehicle Rebate micro-data to study the relationship between buyer demographics and electric vehicle choice for the universe of California buyers who purchased an electric vehicle between September 2012 and September 2014 and applied for a rebate. This relationship is estimated using the following multinomial logit model:
( 1) is the probability that household chooses a vehicle from manufacturer when presented with the set of manufacturers . is a vector of attributes describing the decision maker that contains demographic and geographic characteristics and a time trend.
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Results from the multinomial logit model are presented in Households with a college degree or a graduate degree are 28% and 34% more likely to choose a Tesla over the omitted category compared to households with less than a college degree. The probability of choosing a Tesla is increasing monotonically in the level of income, a result unique to Tesla buyers. While there are high end luxury plug in electric vehicles in the base category, the market share of those vehicles is too small to significantly affect the results.
Tesla owners are also unlike the rest based on their non-responses in the survey data.
While the effect of age is similar across manufacturers, not answering the survey questions about age and income is a significant and positive predictor of purchasing a Tesla. It is also important to note the difference between "no answer" and "refuse to answer". "No answer" indicates that a question was left blank while "refuse to answer" is assigned to responses indicating the applicant did not want to provide this information.
Next, we study the determinants of the count of electric and hybrid vehicles purchased by households in each California census tract using the follow specification:
( 2) where is the number of all electric, hybrid, or Tesla vehicles in census tract . is the percentage of "green" voters, and is the percentage of households that applied for a rebate through the California Solar Initiative program. is a vector of control variables that include census tract demographics, the total number of registered vehicles, and county fixed effects. is the error term.
The results from this specification are presented in Table 8 . It is important to note that the number of Teslas is included in the count of all electric vehicles in columns 1 and 4, as well as in the separate Teslas regressions in columns 3 and 6. In each specification, there is a positive 9 association between the number of Teslas in a census tract and the share of the population with a bachelor's degree or higher and income levels. There is a positive association between the census tract's population density and the Tesla count, but the Tesla count is also higher in census tracts further from the city center. All else equal, the number of all-electric, hybrid, and Teslas is higher in areas with more liberal registered voters.
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Starting in column (4), we include the census tract's share of homes that have solar panels. Across all three specifications, we find a positive association between the share of homes with solar panels installed and the number of electric vehicles. It is important to note that we are controlling for measures of tract average ideology and income. This positive correlation is suggestive evidence of the complementarity between these durable demand choices. However, these reduced form estimates do not provide information on what would be the correlation between these choices if gas prices were higher or if the price of Tesla vehicles were lower.
Solar Panel Demand
First, we use micro-data from the Clean Vehicle Rebate Project to investigate whether or not buyers of all electric vehicles are more likely to purchase solar panels compared to buyers of plug-in hybrids. Since buyers of an all-electric vehicle can offset some of the additional electricity that is used to charge their vehicle by installing solar panels, holding all else constant, these buyers should be more likely to bundle their vehicle purchase with solar panels. The results are summarized in Table 9 . Of the 6,169 rebate applicants that purchased an all-electric vehicle, 45% stated they either have solar panels installed or plan to have them installed within one year.
Of the 4,708 buyers of a plug-in hybrid, only 36% stated they have installed or plan to install solar panels within one year. This result provides some evidence that buyers with the most to gain from bundling an EV purchase with solar panels are more likely to do so compared to buyers that will receive lower benefits from this joint purchase. Table 10 . Households with a bachelor's degree or higher are 0.4% more likely to have solar panels installed, and households in areas with larger homes and more owner occupied homes are more likely to have installed solar panels on their home, while neighborhood income is not statistically significant after controlling for these variables. 7 Households in areas with more liberal voters and in areas further from the nearest city are also not significant predictors of a household's decision to install solar panels. While the percentage of all-electric vehicles in a household's census tract is not significant at conventional levels (P-value equal to .12), there is a positive and significant correlation between the share of hybrid electric vehicles in a census tract and a household's decision to install solar panels. A one percentage point increase in the number of hybrid vehicles in the census tract leads to a 0.15% increase in the probability a homeowner has solar panels installed. This result provides more evidence that households view these two durable goods as being complements. 
where is the number of solar panels in census tract divided by the number of housing units in the tract. is the percentage of "green" voters, is a vector of control variables that include census tract demographics, and public utility or county fixed effects. is the error term.
The results are presented in Table 11 . Since solar panel adoption could be affected by policies set by the electric utility companies, Column 2 includes fixed effects for five major electric utilities in California. The results are robust to the inclusion of these fixed effects and differences are found in the share of solar panels for census tracts served by different electric utilities.
Stock Market Evidence on Expectations of the Joint Returns to Investing in Electric Vehicle and Solar Companies
Stock market share prices embody all current information concerning future earnings of a specific company. The efficient markets hypothesis suggests that it is interesting to consider the covariance in the rate of return for Tesla's shares relative to publicly traded shares of solar companies. We estimate the correlation between these companies using stock data from Tesla, Solar City, First Solar, and the Dow Jones Industrial Average. Since Tesla, Solar City, and First Solar went public at different times, we use data from the overlapping dates. It is important to note that Elon Musk helped found Solar City and also serves as chairman, and thus a common management component exists for these two companies. 9 We used these data to estimate the following equation:
If , this suggests that investors view Tesla Motors and solar companies as complements.
The results are presented in Table 12 . 10 We find that Tesla's stock price is positively and 
Emerging Trends for Electric Vehicles and Solar Panels
Several promising trends suggest that the price of solar panels and electric vehicles will decline and that their quality will improve over time. In this section, we provide some evidence . 10 In results available on request, we have included the percent change in daily gas prices (interpolated from weekly gas price data) as an extra control variable. We find that our main results are robust to including this variable.
13 that the price of adopting these two technologies is falling at the same that time quality is improving.
Declining Prices for Electric Vehicles and Solar Panels
First, we look at some recent trends in the pricing and quality of electric and electric-gas hybrid vehicles. Using data from several print and online resources, we compare the manufacturer's suggest retail price and miles per gallon equivalency of four major electric and hybrid vehicles over time. 11 The results are shown in Table 13 . For each of the four vehicles that are highlighted in Table 13 , the prices are falling while their efficiency is improving or remaining constant. These suggestive results highlight the fact that the cost of ownership of electric vehicles in the United States is falling. For the four vehicles that are highlighted below, there has been a decrease in price of 7-17% in the past three to four years.
Even more dramatic is the declining cost of installing solar panels. According to Clean
Technica, the average cost of solar panels has fallen from $76. 
New Financing Options
Dating back at least to Hausman (1979) economists have noted that consumers reveal a distaste for making large upfront investments in more energy efficient durables even if these durables offer large future reductions in expected operating costs. Allcott and Wozny (2012) estimate that car buyers reveal an indifference between achieving a $1 reduction in the present value of energy savings versus not paying 76 cents more in purchasing the vehicle. Such a high implied discount rate suggests that any financing options that reduce the upfront out of pocket costs could lead to many marginal durables buyers to change their behavior. When state and 14 federal tax incentives are considered, it is now possible for consumers to invest in these technologies with little to no upfront costs. Consumers who are considering installing solar panels on their home also have a variety of financing options from which they can choose. For households with low incomes that simply want to take advantage of "green electricity" there are solar power purchase agreements that allow them to do this with no out-of-pocket costs. The solar company owns and maintains the equipment and the household simply pays the solar company for the electricity that is generated.
While the electricity rates under this arrangement will be less than those charged by most utility companies, this option does not give the ability to lock into a long term low electricity rate that is available if the solar system is leased or purchased.
For households with higher incomes and a qualifying credit score, it is now possible to lease or purchase solar panels with $0 upfront cost. Since the solar companies install the system and take responsibility for all of the maintenance at no cost to the homeowner, the decision to lease or purchase depends on the financial characteristics and goals of the household. Before the option to purchase a solar system for $0 money down, many homeowners made the decision to 15 lease a system to reduce their out of pocket costs. This new option allows consumers to own their system from day one and allows them to receive the federal tax credit that is equal to 30% of the cost of the solar system. For households choose to lease their solar system, the 30% federal tax credit goes to the solar company to offset the upfront cost of the system. 14 Solar City has introduced a new financing arrangement that allows qualified consumers to purchase their solar system with monthly payments determined by the amount of energy produced by the solar panels. This option allows a household to 1) own their system from day one with $0 upfront costs, 2) receive all of the state and federal tax benefits, 3) have no responsibilities for the solar system's maintenance, and 4) not be locked in to a monthly payment in the event the system does not produce enough electricity. Lastly, in the event that the homeowners decide to sell their home, the solar system is now considered an asset (compared to a liability with the lease agreement) that will make the home more attractive to potential buyers.
These new financing terms for solar panels and EV will lead to marginal households adopting these new technologies. In Table 1 , we discussed how a household's expenditures would change if they made investments in an EV and solar panels. We now discuss how much a household could save each month under these new $0 down EV and solar financing options. The results are presented in Table 14 . 15 Regardless of the decision to purchase an EV or a conventional vehicle, there are many households that can benefit by choosing to have solar panels installed under the current financing terms. In this scenario, a households with a solar system sized to offset the electricity used by household activities and their EV will have an estimated monthly expenditure of $89 compared to a monthly expenditure of $255 for a household that drives a conventional vehicle and does not have solar panels installed. As expected, a significant amount of savings can be realized if a household chooses to purchase or lease an EV with a solar system sized to completely offset the electricity used by their home and EV. However households, that drive only a few miles per month, have higher than average 16 electricity costs, or are in areas with lower gas prices, it may not be in their best interest to purchase these durable goods. 16 For households that are described in Table 14 , the lower costs for these durable goods will lead to marginal households adopting these green technologies for purely non-environmental reasons leading to a new wave of "accidental environmentalists." This study has investigated a nascent promising trend that suburban households will be increasingly likely to purchase both solar panels and electric vehicles. Improvements in their quality and price reductions lead to a new marginal buyer of green products those who we have labelled "accidental environmentalists". If a sufficient number of suburbanites made this "green choice", then the suburban carbon curve would bend such that the differential in carbon production between center city residents and suburban residents would shrink. In fact, a new trend has begun such that suburban homebuilders are including solar systems as a standard feature of their homes leading to low carbon homes being the default option in these areas.
Conclusion
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While we have focused on electric vehicles and solar panels, ongoing research has examined other 'green products' that also bundle high quality and private gains independent of their environmental impact. For example Magnusson, et al. (2001) found that the most important purchase criteria for organic products were related to private benefit such as higher quality and 16 The effect of quality improvements on the adoption of solar panels and EVs is even more important given the recent decline in gasoline prices. Holding quality constant, as the cost of operating a conventional gasoline powered vehicle drops relative to that of an EV, marginal households will be less likely to choose the more environmentally friendly EV. Based on the data used to generate Table 14 , the price of gasoline would have to fall to $1.15 per gallon for the cost per mile driven to be equal for traditional and electric vehicles. This is equivalent to a 62% decrease based on current gasoline prices, 17 We are assuming that the vehicle achieves 27.5 MPG and that the power plant's emissions factor is the same as California's (source http://www.epa.gov/cleanenergy/documents/egridzips/eGRID_9th_edition_V1-0_year_2010_Summary_Tables.pdf). 18 http://online.wsj.com/articles/home-builders-tap-the-sun-1417481331. Accessed December 5, 2014.
better taste rather than the environmental attribute. Similarly, highly energy efficient LED lighting has many advantages over traditional light sources. According to the US Department of Energy, these advantages include, to name a few, compact size, increased lifetime (longer even than compact fluorescent bulbs), and greater dimming and control capability. 19 Another private benefit commonly associated with green products is their health attributes. Many consumers presume not only that organic foods taste better, but that they also provide greater health benefits than their conventionally grown counterparts (Huang, 1996; Didier & Lucie, 2008) . Cows that produce milk certified by the USDA as organic, for example, are not exposed to the carcinogenic hormones, antibiotics and pesticides of conventional dairy practices. 20 Several other studies showed that health concerns were a major reason why people choose organic food products (Annett et al., 2008; Maguire et al., 2004 Public utilities were assigned to a census tract in a similar way. If a census tract was assigned to more than one public utility based on the zip code level data from the California Energy Commission, the zip code that made up the largest share was identified. The public utility that served this zip code was assigned to the census tract. If the largest zip code in a census tract could not be identified due to it being split equally by more than one zip code, we randomly chose one of the public utilities present in the census tract. 
